We examined whether outcomes of care (amputation and hospitalisation) among patients with diabetes and foot ulcer differ between those who received pre-ulcer care from podiatrists and those who did not. Adult patients with diabetes and a diagnosis of a diabetic foot ulcer were found in the MarketScan Databases, 2005Databases, -2008. Multivariate Cox proportional hazard models estimated the hazard of amputation and hospitalisation. Logistic regression estimated the likelihood of these events. Propensity score weighting and regression adjustment were used to adjust for potentially different characteristics of patients who did and did not receive podiatric care. The sample included 27 545 patients aged greater than 65+ years (Medicare-eligible patients with employer-sponsored supplemental insurance) and 20 208 patients aged lesser than 65 years (non-Medicare-eligible commercially insured patients). Care by podiatrists in the year prior to a diabetic foot ulcer was associated with a lower hazard of lower extremity amputation, major amputation and hospitalisations in both non-Medicareeligible commercially insured and Medicare-eligible patient populations. Systematic differences between patients with diabetes and foot ulcer, receiving and not receiving care from podiatrists were also observed; specifically, patients with diabetes receiving care from podiatrists tend to be older and sicker.
Introduction
Foot ulcers are a serious complication in patients with diabetes, with up to a 25% lifetime risk of foot ulceration in patients with diabetes (1) . Foot ulcers result from degradation in the integumentary, vascular and nervous systems that typically occur in patients with long-standing diabetes mellitus. This environment permits acute or chronic repetitive trauma to frequently go unrecognised by the patient. If ulcers fail to heal and progress into deep infection or gangrene, amputation of the lower extremity may ensue, resulting in a 6-22% cumulative amputation rate for patients with ulcers (2) . Most foot
• podiatrists have been proposed to serve as gatekeepers for the prevention and management of diabetes-related foot complications • patients with diabetes and foot ulcer receiving care from podiatrists tend to be older and sicker with diabetes still do not receive preventive foot care prior to ulceration. Multidisciplinary care has been described to reduce diabetes-related ulcers and amputations (6) in a variety of health care settings including managed care (7) , veteran (8, 9) , military (10) and Native American (11) . As part of a team approach, podiatrists have been proposed to serve as gatekeepers for the prevention and management of diabetes-related foot complications (12, 13) . A recent analysis of the 5% Medicare sample from 1991 to 2007 suggested visiting a podiatrist as part of a lower extremity care team in the year prior to a lower extremity complication was protective for undergoing lower extremity amputation (14) . Additionally, a retrospective cohort study of 485 patients found that the referral of patients with diabetes mellitus and risk factors for ulceration and limb loss to specialty multidiscipline podiatric medical care may be associated with lower rates of ulceration and major amputation in some patients, thereby reducing health care costs (15) .
Using a large retrospective database of patients with diabetes in the USA, this study assessed the association between podiatric care in the prevention of adverse events (amputation, major amputation and hospitalisation) related to foot ulcers. Comparisons were made between patients with pre-ulcer podiatric visits and patients without pre-ulcer podiatric visits using regression adjustment and propensity score weighting to control for potential differences between these groups of patients.
Methods
Patients were selected from the Truven Health MarketScan Research Databases, which are constructed from fully adjudicated medical and outpatient prescription drug claims. The Commercial Database represents the health care experience of tens of millions of employees and their dependents (annually), covered under a variety of employer-sponsored health plans. The Medicare Supplemental and Coordination of Benefits (COB) Database contains the health care experience of individuals with Medicare supplemental insurance paid by employers. Both the Medicare-covered portion of payment (represented as Coordination of Benefits Amount) and the employer-paid portion are included in this database. The medical claims are linked to outpatient prescription drug claims and person-level enrolment data through encrypted enrollee identifiers. The MarketScan databases conform to the confidentiality requirements of the Health Insurance Portability and Accountability Act of 1996; thus, the study did not require informed consent or Institutional Review Board approval.
Study population
Patients aged 18 years and older enrolled in the MarketScan Commercial or Medicare databases during years [2005] [2006] [2007] [2008] were selected to the study population if they had a diabetes diagnosis according to ICD-9-CM codes appearing on at least one inpatient claim or two outpatient claims separated by at least 30 days (codes are available in Table A1 ). Claims for procedures that are diagnostic in nature (e.g. laboratory tests) were not used to establish the diabetes diagnosis.
The index date for the analysis was assigned as the date of the first observed visit with a diagnosis code indicating foot ulcer in [2005] [2006] [2007] [2008] . Patients with an index date in 2005 were excluded if they had any previous claims with a diagnosis of foot ulcer in the previous year. All patients were required to have at least 1 year of enrolment prior to the index date. Patients switching health plans within the same employer could be followed as they changed plans, and all patients were followed through to their end of enrolment in any health plan offered by the employer or up until 2009, whichever was later.
Patients were grouped into case (podiatry care) or comparison (no podiatry care) if the patient received care from a podiatrist during the year prior to the index diabetic foot ulcer diagnosis. The primary analyses compared patients without any visits to a podiatrist during the year prior to the index date (comparison) with those having one or more visits (case). An examination was conducted of patients who had three or more visits to a podiatrist prior to the index date (case) and compared their outcomes to patients without any podiatric visits. Because provider specialty code was used to identify podiatry visits, patients were excluded from the comparison cohort (no podiatric care) if provider specialty codes were not available.
Patients with any lower extremity amputation in the year prior to the index date were excluded from the study, based on both procedure (defined below) and diagnosis codes. Patients were also excluded from the case cohort if the claim for the initial podiatric visit indicated a foot ulcer. Thus, the study captured new episodes of care for a diabetic foot ulcer and compared outcomes for patients who received care from a podiatrist prior to the index foot ulcer to patients who did not receive care from a podiatrist prior to the index foot ulcer.
Outcome variables
Three outcomes were measured: lower extremity amputation, major amputation and hospitalisation. Lower extremity amputation was identified using procedure codes on the claims. A subset of lower extremity amputations were classified as major amputations, defined as amputations occurring at the knee or higher. Inpatient hospitalisation was indicated by a stay in an inpatient facility including at least one night of room and board. A flag was created to indicate the presence of each outcome during a fixed 24-month follow-up period after the index date for patients who could be followed for at least 24 months. Among patients with each outcome, time in days from index (first observed foot ulcer) to the outcome was measured.
Explanatory variables
Sociodemographic characteristics, plan type, health status and risk factors were also measured. These characteristics included: patient age at index; gender; urban residence (defined as residence in a metropolitan statistical area); and whether the primary beneficiary was paid salaried or hourly and US census region (Northeast, North Central, West and South). Two measures were taken from the 2000 census data: median household income by ZIP code of residence as a proxy for income, and percent of college graduates (among residents aged 25 and older) by ZIP as a proxy for education. Plan types included comprehensive, health maintenance organisation (HMO), point-of-service (POS), preferred provider organisation (PPO) and others (e.g. consumer-directed health plan (CDHP) and capitated POS).
Health status variables were measured during the year prior to index. The Charlson comorbidity index (CCI) is an aggregate measure based on diagnoses associated with 19 conditions (16); however, because the CCI does not capture mental health conditions, the number of Psychiatric Diagnostic Groupings (PDGs) was also included. The 12 PDGs include mental health conditions such as alcohol-use disorders, depression and schizophrenia (17) . Refill adherence to antidiabetic medications, as indicated by the percent of days covered with antidiabetic medications on hand, was also captured.
Two sets of risk factors were included in the models and also measured during the year prior to the index foot ulcer diagnosis. Patient-level risk factors included cardiovascular disease, nephropathy and diabetes-related eye disease. Footlevel risk factors included neuropathy, peripheral arterial disease, callus and others (e.g. abrasions) (18) . Codes for these conditions are detailed in Table A1 .
Propensity score weighting
As patients in the case and comparison groups may be different in terms of demographic characteristics or health status, propensity score weighting was used to adjust for observable differences between the two cohorts in two steps. First, the probability of seeing a podiatrist was estimated using a logistic regression (dependent variable = 1 if case and 0 if comparison), as a function of the explanatory variables. Two other variables were added to the propensity score models: the number of months a patient was followed over time (enrolment months) and the percent of enrolment within the patient's employer × health plan using podiatric services (to account for differences in podiatry benefits). Second, cases were assigned a weight of 1 and comparison patients were assigned a weight of p/(1 − p), where p is the predicted probability of being a case from the logistic regression (19) . With this weighting, estimates are interpreted as the effect of the treatment (care by a podiatrist) on the treated (those who received care from a podiatrist) (20) .
Separate propensity score regressions and weights were calculated for each sample (commercial and Medicare-eligible) and also for each analysis (i.e. main analysis where podiatry care is defined as one or more pre-ulcer visits and the sensitivity analysis that defined podiatry care as three or more pre-ulcer podiatry visits).
Statistical analysis
Two sets of statistical models were estimated. First, Cox proportional hazard models estimated the risk of amputation at time t, conditional on survival (i.e. enrolment) to that time (t), controlling for the explanatory variables. Second, the likelihood of each outcome within a fixed length of follow-up, 2 years after diagnosis of foot ulcer, was estimated using logistic regression and the same covariates as the Cox proportional hazard models, with the addition of the year of the index date. Then, the predicted probability of each outcome was estimated (21) . Each of these analyses was conducted with and without propensity score weights within the commercial and Medicare-eligible samples.
Results
We found 20 208 commercially insured patients (7597 with podiatrist care and 12 611 with no podiatrist care) and 27 545 Medicare-eligible patients (13 692 with podiatrist care and 13 853 with no podiatrist care) meeting all inclusion and exclusion criteria, where podiatrist care was defined as one or more visits to a podiatrist during the year prior to the index foot ulcer (Table 1) .
In both the commercial and Medicare samples, patients receiving care from podiatrists were older than patients who did not receive pre-ulcer podiatry care (Table 1) . Also, a higher percentage of patients receiving care from podiatrists were females (P < 0·001). Patients receiving care from podiatrists were more likely to reside in an urban area than those who did not receive care from podiatrists (P < 0·001).
Health status, as indicated by average scores on the CCI and the number of PDGs, was lower and statistically significant (P < 0·001) for patients receiving care from podiatrists, except that differences in PDGs did not reach statistical significance in the commercial sample (P = 0·212). A greater proportion of patients receiving care from podiatrists had higher values of patient-level and foot-level risk factors measured (all P < 0·01) with the exception of nephropathy rates in the Medicare sample where rates did not differ. Adherence to antidiabetic medications, as indicated by a higher medication possession ratio, was greater in patients receiving care from podiatrists (P < 0·001).
In both the commercial and Medicare samples, patients receiving care from podiatrists had a longer length of time to amputation than those who did not receive such care (Table 1) , without adjusting for differences between patients who did and did not receive pre-ulcer podiatric care. The difference was about 55 (Medicare) to 77 (commercial) days longer until amputation for podiatry patients (both P < 0·001). Results were similar for major amputation, except that differences in the time to amputation were not statistically significant in the commercial sample. Patients seen by a podiatrist also had a longer time to hospitalisation of 35 (Medicare) to 64 (commercial) days (all P < 0·001).
About 40% of enrollees could be followed over 24 months. The percent of patients with each of the events (amputation or hospitalisation) within 24 months was significantly lower for patients in the podiatry care group for both the commercial and Medicare samples (all P < 0·05). After adjusting for covariates, patients receiving care from podiatrists had lower rates of amputation, major amputation and hospitalisation than those who did not receive care from podiatrists in all model specifications: the unweighted and propensity score-weighted analyses for both the commercial and Medicare samples (all P < 0·001) ( Table 2) . For example, patients receiving care from podiatrists in the commercial unweighted sample had a hazard of amputation that was 25·2% lower than patients without podiatric care [hazard ratio (HR) = 0·748, 95% confidence interval (CI): 0·686-0·816] and 20·6% lower for the Medicare unweighted sample (HR = 0·794, 95% CI: 0·729-0·864). Results were similar for the weighted samples. Commercial patients receiving pre-ulcer care from a podiatrist had a 25·0% lower hazard of lower extremity amputation than patients without care from a podiatrist in the commercial weighted sample -this was 23·4% for the Medicare weighted sample.
To assess whether a greater number of pre-ulcer podiatric visits had a larger effect on the events, we conducted a sensitivity analysis comparing patients with three or more pre-ulcer podiatric visits to the comparison group without pre-ulcer visits to a podiatrist. Hazard ratios estimated in the sensitivity analysis were similar to the main analysis comparing patients with one pre-ulcer podiatric visit to patients without podiatric visits. Patients with three or more pre-ulcer podiatric visits in the weighted commercial sample had 23·7% lower risk of lower extremity amputation (HR = 0·763, 95% CI: 0·688-0·845) and a 25·7% lower hazard in the weighted Medicare sample (HR = 0·743, 95% CI: 0·675-0·817) than the comparison group (26·2% and 23·7% in the unweighted commercial and Medicare samples, respectively).
Kaplan-Meier curves for lower extremity amputation are shown in Figure 1 (weighted samples) and show that the patients with a podiatrist visit had a longer time to amputation than those without podiatry visits for both the commercial (Panel A) and Medicare (Panel B) samples.
For the sample of patients with at least 2 years of follow-up after the index date, the likelihood of each event (amputation or hospitalisation) occurring within 2 years of the index date was significantly lower in patients receiving care from podiatrists (all P < 0·01) in both the commercial and Medicare propensity score-weighted samples (Figure 2) . Similar results were found in the unweighted samples (all P < 0·01, not shown).
Discussion
Podiatrists are medical practitioners focusing on management and treatment of the foot and are considered by many health care professionals to be the primary source of specialised foot care in the USA. The more recent practice model developed by the medical community describes the podiatrist as a 'Limb Preservationist' (13) . This new model focuses not only on the contribution of podiatrists but also on several members of an interdisciplinary team that medically and surgically manages complicated and complex diabetic foot disorders.
In this study of two large samples of individuals with diabetes and foot ulcer (commercially insured and Medicare-eligible), we found that those who received care Estimates are shown using propensity score weights to account for differences between case and comparison patients. Podiatry care group had one or more podiatry visits during the year prior to the index foot ulcer diagnosis; the no podiatry group had no such visits.
from podiatrists before the onset of a foot ulcer were less likely to have adverse events such as amputation, major amputation and hospitalisation. We also found that there were systematic differences between patients with diabetes and foot ulcer receiving care from podiatrists and patients with diabetes and foot ulcer who did not receive care from podiatrists. Namely, patients with diabetes receiving care from podiatrists tend to be older and sicker than those who do not receive care from podiatrists. Adjusting for these differences via regression adjustment or a combination of propensity score weighting and regression adjustment yielded similar results -a significant reduction in the likelihood of and time to each of the adverse events. Our findings are in agreement with results observed in previous studies of podiatric care and lower extremity amputations. Sloan et al. assessed a 5% sample of Medicare claims between 1991 and 2007 for patients with diabetes-related lower extremity complications. The study authors concluded that patients having received care from both a podiatrist and a lower extremity care specialist for an ulceration were All comparisons between podiatry care and no podiatry care were statistically significant at P < 0·01. Estimates are shown using propensity score weights to account for differences between case and comparison patients. Podiatry care group had one or more podiatry visits during the year prior to the index foot ulcer diagnosis; the no podiatry group had no such visits.
36% less likely to have had a lower extremity amputation compared to those who had only seen another type of physician (14) . In the same study, those with care provided by only a podiatrist were also less likely to have had a lower extremity amputation (44% less likely) but this was not statistically significant. This study shows a lower likelihood of amputation after receipt of podiatric care, but we are unable to distinguish patients who receive other specialised lower extremity care from those who do not. More recently, Carls et al. also examined the effects of podiatric care in the treatment of diabetic foot ulcers, including populations of commercially insured and Medicare patients. This analysis observed that podiatric care was associated with a 2·67 and 1·35 percentage point reduction in amputation rates in a commercially insured and Medicare-eligible population, respectively (22) .
Several other studies also address the value of podiatric care. A study of 91 patients in Austria with recently healed foot ulcers and diabetes found a significant reduction in the amount of time to ulcer recurrence among patients randomised to podiatrist care (HR: 0·52, 95% CI: 0·30-0·93) (23) . A second study analysed the experience of 530 patients in Finland who were receiving antidiabetes medications, but had no obvious need for a podiatrist. Half the sample was randomised to receive podiatrist care and the other half to receive written instructions (24) . At the end of 1-year follow-up, the prevalence of callosities in regions other than the calcaneal region decreased, as did the diameter of these callosities in patients receiving care from podiatrists. Lavery et al. (7) reported that a team including podiatrists implemented a foot risk-based disease management program for diabetes foot care in a US-managed care program and after 2 years, there was a 47% reduction in amputations, 38% reduction in hospital admissions and 70% reduction in skilled nursing facility admissions.
There are potential limitations to this analysis. First, we did not extract the specific features of care or other types of providers involved in the ulcer care. We measured receipt of care from podiatrists prior to the onset of a foot ulcer to determine whether these process differences led to differences in outcomes. The aim of this study was to measure podiatry in terms of its educational and holistic benefits during a subsequent ulceration, not to measure process of care differences within the episode of care. This strategy is supported in the literature as podiatry care in patients with diabetes resulted in higher knowledge scores and higher selfcare scores at 1 year (24) . This is also supported in this study as patients seeing podiatrists were also more adherent to medication use as indicated by significantly higher medication possession ratios. Second, we focused our analysis on those patients with foot ulcer who did not have an amputation or an ulcer in the previous year, which may limit generalisability to other patient populations. However, this also underscores the magnitude of these findings as patients with a previous foot ulcer tend to be sicker than patients without a history of foot ulcer, an observation supported by the significant differences in CCI between our case and comparison cohorts. Third, our results are based on administrative claims data, and all the limitations inherent in coding systems and data designed for reimbursement apply to this study.
In summary, in a sample of patients with diabetes and foot ulcer, we found that pre-ulcer care by a podiatrist appears to be associated with lower rates of lower extremity amputation and hospitalisation. 
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